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@ Method and apparatus for treating fluent materials.

@ A process for heating fluids to a relatively high iempera-
ture, such as sterilization of UHT temperature, in which the
fiuid, such as a liquid, is heated by direct contact with steam
while it in the form of a very thin, free-falling film or a continu-
ous falling stream so that heating of the fluid is accomplished
without the fluid coming into contact with any surface and
particularly metal surfaces which are hotter than the fluid
product being heated and with minimum agitation and tur-

bulence of the fiuid product. This procedure enables maxi- i ! ! !
mum and uniform heat penetration in a minimum time inter- i N 2
val with the film or stream being maintained as thin as poss- g AT

o ible and unbroken by introducing steam at a relatively low * _:___:—éo: % H

< velocity in a large volume vessel. A flow control is incorpo- 2% % NP ,::
rated into the apparatus to maintain a constant flow rate of A - ”-7; % —H »
fluid and to maintain a constant and critical fiuid level in the NG —Bd
bottom portion of the large volume vessel with the flow &, Sy 0%
characteristics of the apparatus and the internal forces pro- ”55 \
duced by the apparatus serving to counterbalance each other 58

I\ to provide a relatively simple but yet accurate flow rate, and FIG.6

N liquidlevel controls for the fluid being heated.
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Description

Method and Apparatus for Treating iluent Materials

Technical Field:

The present invention relates to a process and
apparatus for sterilizing fluent matcrials without
disturbing the natural flavor and stability of these
materials. The invention has particular application to
fluent food products.

Background Art:

A major step forward in heat trcatment of fluid
food products was made in the 19th cuntury with the
development of pasteurization, a process of partial
sterilization involving subjecting a substance,
particularly a liquid, to a temperature for a period of
time that destroys disease-causing organisms without
major chemical alteration of the substance. Numerous
other techniques have been developed more recently
wherein fluent food products are completely sterilized
to eliminate bacterial spoilage and permit storage
without refrigeration. However, the affluent consumers
of modern food products do not view che use of
preserved foods simply as a technique of staving off
starvation, but rather have the option to choose the
most appealing food products at will. Thus the factors
that make food products appealing to modern consumers
have become the most critical factors to be observed in
food processing and preservation. The most crucial of
these factors without doubt are taste and

convenience. Of these two factors taste is perhaps
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paramount although convenience is becoming more and

more critical, especially as it relates to energy
conservation.

The natural flavor is an especially critical
factor in products such as milk to which virtually
everyone is exposed during his lifetime. Nearly every
consumer has tasted milk and knows exactly how it
should taste. 1In many cases consumers have also tasted
sour or slightly sour milk and various forms of fully-
sterilized or processed milk. Due to such wide-spread
and often life-long experience, consumers develop an
acute sensitivity to flavor variations in milk
products. Similar circumstances apply, although to a
lesser degree, to other common products such as orénge
juice, beer, selected types of soup and the like,
although milk as a product that one experiences
virtually from birth, is a matter of particular
sensitivity to consumers, Thus a major technical
problem that has nagged the daiiy industry from its
inception is the developmemt of a technique for fully
sterilizing milk without perceptibly changing its
flavor. Although the industry,has actively researched
this problem since before the beginning of the
twentieth century, every solution which has been
proposed has failed due to the complex nature of milk
itself and due to the high sensitivity of the consuming
public to slight variations in the taste of sterilized
or processed milk.

The cost of fresh milk is raised by the extensive
refrigeration energy expended by dairy producers, )
wholesalers and retailers of the product. Accordingly
fresh milk as it is presently known and utilized is a
product that creates considerable inconvenience in

requiring numerous otherwise unnecessary trips by
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consumers to retail establishments and by the fact that
continuous refrigeration is required. Both of these
undesirable factors could be eliminated in fully
sterilized milk were available. Such a product would
have an extensive shelf 'life and would not require
refrigeration so that consumers could purchase large
quantities of sterilized milk at regular intervals for
storage without refrigeration. Similarly, wholesalers
and retailers could also store large quantities of the
product without refrigeration, thereby reducing the

overall cost of the material to the consumer.

While sterilized milk clearly possesses a number
of advantages from the point of view of convenience and
energy saving, the problem of its production without
substantial taste distortion relative to fresh milk has
prevented sterilized milk from gaining a substantial
foothold in the consumer market. It is the complex
chemistry of milk which makes it particularly subject
to changes in taste upon heat treatment. To fully
understand this taste sensitivity of milk to heat
treatment, it is believed that a brief summary of milk
chemistry is in order. Milk which has been sterilized
by heat treatment will herein be referred to as "ultra
high temperature", or UHT, milk.

It is well known to those skilled in the art that
milk contains among its various constituents the
following nutrient items:

Water

Proteins, such as casein, lactalbumin, lactoglobulin
Vitamins

Gases

Milk fat

Lactose (sugar of milk)

Milk ash

Pigments

Enzymes

Cellular material



0027595

_5...
Each of these nutrients reacts aifferentlyrupon
exposure to various temperature fanges for selected
time intervals. Thus any heat treatment of milk must
take into effect the characteristics of these nutrients
as well as other organisms such as bacteria, spores,
yeast and mold present in non-UHT milk. Unfortunately,
all of the relationships between the various elements
constituting milk are not fully understood, even by
those highly skilled in the art of milk chemistry.
Thus it is only by éxperimentation with new teéhniques
for sterilizing milk that a pfocess and apparatus can
be developed wherein UHT milk is produced but still
retains all of the desirable qualities and
characteristics of fresh milk such as flavor,
stability, body and color.

As a result of extensive'experimentation, Elmer S.
Davies and Frank D, Petersen developéd a series of
time-temperature relationships and a general technique
which appeared promising in the development of UHT milk
which maintains all of the desirable qualities of fresh
milk. This development is disclosed in U. S. Pétent,
No. 2,899,320 (Davies et al), issued August 11, 1959.
As is pointed out in this basic patent, to be truely

effective in producing a sterilized milk that retains
all of the desirable characteristics of fresh milk, a
considerable number of independent reactions must be
either accomplished or avoided simultaneously. '
Specifically, living organisms must be completely
sterilized and enzymes inactivated. However "browning"
and coagulation must be avoided. "Browning" is due to
the heat sensitivity of lactose and casein as present
together in milk. Similarly, coagulation is a function
of temperature resulting from the combihation of

casein, milk sugar and whey in the protein content of
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the milk. Coagulation results in an undesirable
increase in the viscosity of the milk and produces an

"off" flavor which is highly objectionable and easily

detectable by consumers., Furthermore, the release of
sulfhydrils in the course of the heating process
produces a "cooked" flavor in heated milk. Sulfhydrils
are formed by the breakdown of the whey portion of milk

proteins, particularly the beta lactoglobulin upon heat
treatment of milk.

In the above-referenced Davies et al patent, the

following time-temperature relationship was established
as the most effective in attaining full sterilization
of milk with minimum effect upon its desirable
characteristics: heating to approximately 300°F for 1.5

to 3.0 seconds. Further experimentation has shown this

relationship to have a temperature range of
approximately 280°~310°F and a time range of
approximately 1.5 to 9.0 seconds. While this time-
temperature relationship still remains optimum, it has
since been discovered that more subtle factors are
involved in maintaining the flavor of UHT milk

sufficiently close to that of fresh milk that consumers

cannot detect the difference. These factors involve

the extent of physical agitation or perturbation
experienced by the milk during heating, the uniformity
of heating and the extent to which the heated milk
contacts surfaces hotter than itself during or
subsequent to the heating interval. Furthermore,
proper cooling and handling of the milk prior to and
subsequent to heating have also been found to be a

factor in maintaining taste perfection in UHT milk.

Experimental studies conducted by Elmer S. Davies
and Frank D. Petersen (See Davies et al) led to the

conclusion that the risk of denaturation of milk
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proteins was reduced if sterilization was conducted at
higher temperatures than previously used, but for
shorter time intervals. The concept of heating milk to
a high temperature for a short time led to further
studies to determine how such heating could be most
advantageously accomplished. It was eventually
determined that a falling f£ilm of product provided the
optimum configuration for attaining high
temperature/short-time heating in view of the physical
characteristics of a f£ilm. 1In particular, a falling
film is ideally suited to rapid heating of a product
because it is by nature a thin distribution of the
product with a high ratio of heat transfer surface area
to volume and optimum heat transfer characteristics.
Unfortunately, the successful formation and continuous
maintenance of a falling film proved to be an extremely

difficult technical problem which Davies et al patent

sets forth in their proposed technique of providing a
film which adheres by surface tension to guide plates,
and is heated while in contact with these guide

plates. For reasons which are made clear elsewhere in
the present specification, heating a falling film while
it is in contact with a guide plate of this nature is
not suitable from a practical standpoint because flavor
distortion occurs and the product burns onto the guide
plate after a short period of use. Nevertheless the
discovery that a falling film of product is ideally
suited to the time-temperature relationship developed
in the Davies et al patent remains an important advance
in the state of the art of milk sterilization.

Of the prior art devices, the most advanced for
producing UHT milk that maintains taste qUalities 7
similar to.that of fresh milk is disclosed in U. S.
Patent No. 3,771,434 to Davies, issued November 13,




0027595

- 8 -—
1973. The present invention is an improvement and an
outgrowth of the apparatus disclosed and claimed in
that patent. The apparatus disclosed in Davies relies
upon a falling f£ilm of liquid milk which is guided by
contact with a length of screen, wherein the falling
film is subjected to high temperature steam for a short
interval to cause sterilization. A number of important
refinements have now been discovered which
substantially improve its performance. More
specifically, experimentation with the system disclosed
in Davies has revealed that product taste, quality and
long—-term consistency could be significantly improvided
with proper modification of the disclosed system. It
should be noted that the device disclosed in the Davies
patent is far different from devices which have been
relied upon in the past for evaporation of liquids. A
device used for evaporation is disclosed, for example,
in the Monsanto patent, No. 441,106 issued on November
18, 1089. 1In that patent a liguid is divided into fine
droplets and subjected to heating whereby rapid
evaporation of the falling liquid droplets occurs.
Naturally, the use of such a system would be disastrous
in the production of sterilized liquid milk because the
evaporation which would occur, even if it were only
partial, would significantly change the consistency of

the milk, thereby making it highly undesirable to
consumers.

A need therefore exists for an improved
sterilization system for fluid or liquid foods wherein
complete sterilization is obtained without adversely
effecting the taste or other qualities of the food

product.

Disclosure of Invention

Accordingly, one object of this invention is to
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provide an improved process and apparatus for
sterilizing food products without adversely effecting

their taste or other physical properties.

Another object of the present invention is the
provision of a novel meéhod and apparatus for heating
fluids to a selected temperature for a selected
interval of time with a minimum of turbulence,
agitation or physical stress.

Yet another object of the present invention is the
provision of a novel method and apparatus for
sterilizing fluid foods, such as milk, with a minimum
of thermal and physical perturbation.

‘Another object of the present invention is the
provision of a novel method and apparatus for
sterilizing milk which causes the least possible -
denaturation of whey proteins and comparable to that of

pasteurization.

A still further object of the present invention is

" the provision of a novel method and apparatus for '
sterilizing fluid foods wherein an isolated film of the
product is formed and is subjected to heat treatment at
a particular temperature for a selected time interval, 7
during which interval it is subject to an absolute
minimal of physical stress.

Briefly, these and other objects of the invention
are attained by the provision of a unique apparatus in
which the fluid to be treated is first formed into a
continuous isolated film which is kept free from
contact with any surface hotter than itself for a
selected interval of time. The apparatus is designed
so that. the film remains intact as a continuous film
for the entire period during which it is subjected to

heat treatment. Heat treatment is provided by
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subjecting the film to a high temperature gas, such as
steam, which is supplied so as to prevent any
turbulence which would disturb the fluid film. The
film is rapidly cooled subsequent to heat treatment.
Details of the apparatusg utilized in this process are
also disclosed, as is the control system for the
overall process and apparatus.

Brief Description of the Drawings

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying

drawings, wherein:

FIGURE 1 is a schematic illustration on one form
of prior art sterilizing system, from Davies et al
Patent No. 2,899,320;

FIGURE 2 is a cut-away illustration of another

form of prior art sterilizing system from Evans Patent
No. 3,032,423;

FIGURE 3 is a cut—-away illustration showing
further details of the prior art apparatus shown in
FIGURE 2;

FIGURE 4 is a cut-away i1llustration showing an

alternative embodiment of the prior art system shown in
FIGURE 3;

FIGURE 5 is a perspective illustration of a film
forming head and isolated film in accordance with the
present invention;

FIGURE 6 is a cut-away side view of the film
forming head shown in FIGURE 5;

FIGURE 7 is a plan view of a distribution plate;
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FIGURE 8 is a side view of an end cap structure
for a film forming head;

FIGURE 9 is an illustration of an end feedrfilm
forming head;

FIGURE 10 is a perspective illustration of a flow
distribution tube for use in the structure of FIGURE
11;

FIGURE 112 is a side view of a £ilm forming head;

FIGURE 1l1B is a cut-away end view of the structure
shown in FIGURE 11A;

FIGURE 12 is a perspective illdstration of a two-
film branching network;

FIGURE 13 is a perspective illustration of a four-
film branching network;

FIGURE 14 is a cut away side view of a
sterilization chamber or ultra high temperature (UHT)

heater in accordance with the teachings of the present
invention;

FIGURE 15 is a cut away partially schematic view
of the structure shown in FIGURE 16 illustrating steam
flow therein;

FIGURE 16 is a top plan view of a steam
distribution plate;

FIGURE 17 is a schematic diagram illustrating

input and output couplings to the sterilization chamber
of the invention; and -

FIGURE 18 is a schematic illustration in
perspective of a liquid processing system émploying the
sterilization chamber of the invention. '

Best Mode for Carrying out the Invention

Although the present invention is applicable to an
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unlimited variety of fluent or liquid products,
including such products as beer, orange juice, soup
containing particulate matter such as meat and
vegetables and other non-food products, many of the
detailed aspects of the preferred embodiments are
described as utilized with milk, since of all foods
milk is perhaps the most complex and requires the most
delicate and precise handling in its sterilization if
flavor distortion is to be prevented. Accordingly
emphasis is placed in this specification on the
treatment of milk with the understanding that numerous
other foods can be treated in substantially the same

manner but with must less complexity.

Attention is first directed to TABLE 1 which deals
with the sterilization of milk. 1In this TABLE a number
of thermal and physical effects are described in the
left-hand column while the resultant distortions to
flavor or other physical properties of the milk are set
forth in the right-hand column. TABLE 1 points out the
unique sensitivity of milk to heat treatment, and
particularly-emphasizes the fact that milk is
especially sensitive to heat treatment (thermal
perturbation) and to physical perturbations (i.e.,
excessive agitation) during heating. A technique for
eliminating the undesirable effects of thermal
perturbations in milk sterilization is set forth in the

above-referenced Davies et al patent no. 2,899,320.
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TABLE 1

Thermal/Physical
Perturbation

Heating of Lactose
and Casein
Together In Milk

Maintaining Milk
at a Temperature
about 165° for
More Than 30
Seconds

General ExXposure
to Temperatures
Above 165°

Agitation
During Heating

Exposure of Milk
to Metal and Other
Surfaces at Sig-
nificantly Higher
Temperature Than
the Milk

Turbulence,
Agitation and
Physical Stress
At High Tem-
peratures

Improper Steam
Injection

Agitation and
Turbulence in
Holding Tube

Changing Para-
meters Anywhere

“in Sterilizing

System

Resulting Distortion
Flavor Or Other Physical

Properties Of Milk

Browning

Albumin Content Starts
to Coagulate and Sulf-
hydryls Form From One
or More Proteins Present
in Milk, Particularly
Beta Lactoglobulin Pro-
tein, Sulfhydryls
Released. '

Coagulation, Increase in
Viscosity and "Off" Fla-
vor, Release of Sulfhy-
dryls Causing Cooked
Flavor. :

Coagulation Occurs More
Readily

Burned or Scorched
Flavor.

Sandy, Chalky texture
Coconut Flavor Results

Sandy body, Sedimenta-
tion Oiling Off

Oiling Off, Fat Sépara-
tion

Inconsistency in
Product Quality or
Taste
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In that patent it is revealed that a proper time-
temperature relationship is one of the keys to removing
the undesirable effects of thermal perturbation. 1In
particular, if milk is heated to a maximum temperature
of 300°F for a period of between 1.5 and 3.0 seconds,
the appropriate heat treatment for sterilization is
attained without thermal taste distortion. However,
extensive research based upon the invention disclosed
in the Davies et al patent has revealed that adherence
to the teachings of that patent alone are not

sufficient to produce milk which is free of flavor
distortion. It has been discovered that milk is
extremely sensitive to physical perturbations while
subject to thermal stress. In other words, any
substantial turbulence, agitation or physical stress
experienced by the milk while it is at the high
temperature required for sterilization causes an
unmistakable change in the flavor of the milk.
Specifically, the milk may develop a chalky body
usually perceived as an unnatural mouth feel, or a
sandy taste or flavor. Similarly, a scorched or burned
flavor may develop if the milk engages a surface which
is hotter than that of the milk itself even though
contact may occur over a small surface and for a short
time, such as over plates and screens. Accordingly, a
problem thought by many to be insurmountable was
presented to the present inventors: how to heat milk to
a temperature of approximately 300° for a period of
only one §econd and then rapidly reduce the temperature
below 165° while preventing the milk from experiencing
any substantial turbulence, agitation or physical
stress and preventing the milk from engaging a surface
having a higher temperature than the milk itself.
Furthermore, the solution, to have any commercial

merit, required a system which was relatively simple to
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construct, inexpensive to produce, and self-cleaning to
the maximum extent possible so that it could easily be
maintained in sterile condition for long production
runs. A successful device capable of commercial
exploitation, must solve all of these problems and

maintain a fully uniform or consistent output product.

Although the previously'mentionedrpatent to Davies
(3,771,434) provided the closest approach to the
solution of this problem known at the time that
application was filed (1972), extensive research
conducted by the Applicants has now revealed a series
of important improvements which yield the desired
result, that is, a truly sterilized milk which cannot
be distinguished by the consumer from conventional
fresh milk. As pointed out previously, it should be
noted that the present appiication is couched in terms
of processing milk because of the unique sensitivity of
milk to heat treatment. Substantially all other known
liquid products, including foods and other types of
liquid products, can also be processed according to the
same technique, since most other products do not'have
the extreme sensitivity exhibited by milk to physical
stress during heating.

In view of the significant sensitivity of milk to
physical stress during heating, a significant aspect of
the present invention is the provision of a unique
method and apparatus for physically handiing the milk
during the process of ‘heating it. This technique has
been arrived at after substantial researéh and permits
the milk to be heated with the least amount of physical
stress, turbulence or agitation. It further permits the
milk to.be heated without coming into contact with any
surface hotter than the milk itself. These two factors

are significant, but may be subject to misinterpreta-
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tion in view of what has been done in the prior art.
Accordingly a brief summary of exemplary prior art in
this area is considered to be necessary to fully

understand the unique developments of the present
invention.

As previously explained, a falling "film" of milk
is ideally suited to the high temperature/short
interval heating process required to produce sterilized
milk of good flavor quality. Examples of falling films
are disclosed in the Davies et al Patent No. 2,899,320

(see FIGURE 1) and the Evans Patent No. 3,032,423 (see
FIGURES 2, 3 and 4). While each of these patents
discloses a falling film of milk in a heating vessel,
the falling film is not isolated in space, but is held

by surface tension to vertically disvosed plates

(designated 5 in Davies et al and 35 in Evans) for
guiding the milk through a heating chamber. It was
originally thought that the use of such plates would
lead to uniformity in heating the milk since the plates
would be maintained at a relatively high and constant
temperature by steam or some other heated medium
circulating within the heating vessel. However, it has
been discovered that the exposure to such guide plates
at high temperature causes product burn-on and
adversely effects the taste of the resulting milk
product. In particular, the taste of the milk is
adversely effected by exposure to a metal surface
during heating and also by exposure to a surface which
is hotter than the milk itself. 1In the case of the
vertical guide plates mentioned, it was not realized
(see Davies et al, Col. 6, lines 40-45) that these

surfaces become hotter than the milk being fed into the

apparatus. . Specifically, it has been experimentally

discovered that guide plates of the type used in Davies
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et al and Evans (see FIGURE 3) overhcat at certain
spots even when covered with the flowing product.
Resultant "hot spots" cause the flowing product to burn
onto the plate or screen. Once "burn-on" starts it
rapidly gets worse and causes undesirable buildups of
burned product to grow quickly, causing flavor
distortion and disruption of the product flow which
soon destroys uniformity of the falling £ilm of
product. "Hot spots" commonly occur at edges, weld
spots, etc., and it is virtually impossible to
completely eliminate them.

The same effect is illustrated in FIGURE 4. 1In
this case a screen 39 is used to form the film, but
"hot spots" and burn-on continue to occur. A similar
arrangement using a screen is illustrated in Davies
Patent No. 3,771,434, previously mentioned, and a
similar effect occurs there. In addition, the problem
of maintaining the screen sanitary is a significant
one. As the screen has many small openings in its
mesh, fine particles of material invariably collect on
the screen surface. These materials are extremely
difficult to dislodge during any cleaning period, and
accordingly it is difficult to maintain the equipment
in a sterile and fully sanitary condition after a short 7 f
period of operation. Furthermore, clogging of the ' :
screen destroys the falling film and causes the device
to stop operating effectively after a short time.
Accordingly the presence of a scfeeh in such an
* apparatus can cause three separate problems, taste
distortion, accumulation of particles leading to the
lack of a sterile environment, and breaking and
distortions of the falling film.

In contrast to the prior art apparatuses described

above, the present apparatus, illustrated in FIGURE 5,
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includes a supply pipe 52 feeding a film forming head
54 comprised of a cylindrical length of pipe with a
slit 56 along a lower surface thereof. The purpose of
the film forming head is to form a thin, continuous
isolated film, designatéd 58 in the drawings. Since
the formation of the film is of considerable importance
to the operation of the present invention, further

details of the nature and formation of the film will be
presented.

It is first pointed out that the isolated film of

the present invention is a continuous film. By

continuous is meant that the film is never broken into
droplets, nor is any portion ever disconnected from the
central body of the film in the course of its fall and
heating in the sterilizing apparatus of the present
invention. This is in direct contrast to certain
devices disclosed in the prior art which have been used
particularly for the purpose of drying or evaporating
liquids. For example, attention is directed to the
Monsanto patent (441,106 issued November 18, 1890) and
the Okada patent (3,621,902 issued November 23,

1971). 1In these patents the liquid material to be
processed is sprayed or dropped from an appropriate
distribution manifold into a heated atmosphere.
However, the purpose of the spraying or dropping is to
create finely divided particles or droplets of the
material which provide a large surface area to permit
rapid evaporation of water within the material being
processed to speed evaporation. Evaporation of this
sort would, of course, totally destroy the natural
quality of milk sought for in accordance with the
teachings of the present invention. In contrast, the
present invention deals exclusively with a falling

continuous film of milk from which every particle is
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connected to every other and no isolated droplets are
formed,

The f£ilm 58 is also isolated because, once it ,
leaves the slit 56, it never engages anything until it
reaches the bottom of the sterilizing chamber (to be
described subsequently). Because it is thus isolated
from all components within the sterilizing chamber, the
film is not contaminated by engaging aﬁy surface hotter
than itself in contrast to typical prior art devices
shown in FIGURES 1-4. '

Because of the important function that the thin
continuous isolated f£ilm has in the context of the
present invention, a considerable amount of attention
has been directed by the Inventors to the proper
forming of this film and to forming the-film in such a
way that the film continues to be formed without
interruption during lengthy processing runs in the
apparatus of the invention. It has been observed
experimentally that the configuration and appearance of
a free-falling film or column ofiliquid'changes
considerably depending upon the initial velocity of the
liquid prior to free fall. If the velocity is too
high, droplets of ligquid form, some spraying or _
spashing occurs and the surface of the falling body of
liguid is not smooth. If the wvelocity or flow rate of
the liquid is within a specified range, howéVer, the
falling body of liquid forms a continuous,unbrokeh
surface in free fall with a mirror-like surface and no
splashing or spraying of particles results, even when
the falling body of liquid impinges on a rigid
surface. If the velocity or flow,raté is too low, then
the continuous body of falling liquid breaks into
dropleté since the amount of liquid in free fall is not

sufficient to maintain the continuous surface of the

——— s
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film or column. Again spraying and splashing of liquid
particles occurs.

Experimental measurements on free-falling liquid
bodies passing through a slit indicate that liquids
must have an average initial flow velocity falling
within a prescribed range to form a continuous free
falling body. 1In the case of water, for example, the
following measurements apply:

For an initial velocity of less than approximately
1.5 feet per second, the falling filin or column breaks
up and the flow is not sufficient to maintain the
falling liquid in a continuous state. For initial
"velocities between 1.5 and 3.5 ft. per second, the
falling body maintains a smooth and perfectly
continuous surface. For initial velocities above 3.5
ft. per second, some splashing occurs and the surface

of the falling body of liquid is no longer smooth and
continuous.

This experimental data indicates that the
existence of a relationship between the surface tension
forces acting on the particles of falling liquid, the
forces of motion created by the initial velocity of the
liquid prior to its entering a state of free fall, and
the gravitational forces acting on the liquid during
free fall. For water with an initial velocity between
1.5 and 3.5 ft. per second, an equilibrium condition is
reached among these various forces resulting in the
formation of a continuous laminar film or column of
free falling liquid. This equilibrium may be destroyed
if one or more of the variable forces is significantly
changed. For example, a liquid with a viscosity
different from that of water has a different range of
initial velocities if a continuous free falling body of

liquid is to be formed. However, all liquids, no
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matter what their'viSCosity, Can'be made'to form a
continuous body in free fall s1mp1y by measurlng the

appropriate parameters of the lquld and approprlately
controlling the forces actlng on the lquld

In the case of the present 1nvent10n, where the
liquid falls into a steam heated pressure vessel, the -
effect of steam flow on the falllng llquld must also be
considered. If the veloc1ty of the steam actlng on the
liquid is sufflclently hlgh the falllng body of water
will be broken up and the formatlon of a contlnuous
falling body will become - 1mp0551b1e. Slmllarly, if the
falling body of llqu1d is exceptlonally thin and
fragile, then even small steam currents w1ll cause it

to break up resultlng in- spraylng and splashing of the
falling liquid. = '

Based on these con51deratlons, the follow1ng
method for. de51gn1ng a free falllng film of liquid
passing through a slit has been developed 1n accordance
with the concepts of the present lnventlon.

1. The llquxd 1s;f1rst,stud1ed to determine;the
~optimum initial velocity at which a'continuous body of
the liquid will be formed and malntalned when the |

- liquid is in free fall

2. The de51red flow rate of . the falllng film is
determined.

3. The length of the Sllt through whlch the fllm
must fall 1s determlned from- the dlmen51ons of the

vessel in which it is placed, or other 51m11ar phy51cal
constralnts., :

4, The width of the Sllt 1s calculated 50 as to
provide.an,lnlt;al veloc1ty,wh1ch is theroptlmum '
velocity of the,liquidffor forming a continuous body

while in free fall at the determined:floW'rate of the
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liquid. Either the length or width of the slit, or
both, can be varied to arrive at the desired cross

sectional area which produces the desired average
initial velocity.

5. The liquid flow must be evenly distributed
throughout the slit so that approximately the same

volume of liquid falls through each linear segment of
the slit.

The last of these factors, evenly distributing the
liquid flow throughout the slit, has created a serious
technical problem. 1If, for example, an arrangement of
the type illustrated in FIGURE 5 is used without any
internal flow distribution structure, a continuous film
cannot be formed. This is because fluid supplied
through the input pipe 52 will not inherently
distribute itself uniformly throughout the length of
the f£ilm forming head 54. 1In fact, a distinct pressure
minimum will be positioned at the center of the flow
distribution head while pressure maxima will exist at
opposite ends thereof. Accordingly a flow distributing
structure of the type illustrated in FIGURE 6 is
required.

As shown in FIGURE 6, the supply pipe 52 feeds the
film forming head 54. The film forming head itself is
constructed of an inner pipe 60 which is divided into
an upper chamber 64 by a distribution plate 66. The
upper chamber 62 is in direct communication with the
suppiy pipe 52 and is always completely filled with
liquid. Flow rates and other parameters are determined
so that the liquid surface indicated by the line 68
entirely covers the distribution plate 66 at all
times. The distribution plate contains a pluralty of

distribution apertures 70, as illustrated in FIGURE

et @ a4
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7. The distribution apertures may- he sized
progre531vely with the largest at the center and the
smallest near the extremltles of the dlstrlbutlon
plate. Thus in thlS arrangement the smallest
distribution apertures 70 are found near the ends of
the £ilm forming head 54 where the fluldrpressure,;s
normally highest}gwhile'the largéstvdistrihution"
apertures are nearrthe:center'of the film”forming head
where the pressure is normally lowest. The purpose and
function of thls arrangement 1s to proulde a
substantially- unlform flow through the dlstrlbutlon
plate 66 throughout 1ts length. The actual s121ng of
the holes can be calculated ea51ly u51ng conventlonal
mathematical analySLS, tFurthermore, as an alternatlve
to varYing the size of'the,holes°alohg the,length ofi'
the distribution'plate,'small holes of'egual size can -
be used with the dlstrlbutlon of holes arranged to

provide unlformlty of flow through the dlstrlbutlon
plate along 1ts entlre length.

The dlstrlbutlon plate is thus used to solve the
problem of producing unlform output flow along the 7
entlre length of the flow—formlng head 54. However, .
the individual streams of llquld falllng through thef
apertures 70 in the dlstrlbutlon plate must be -
integrated to- form a. contlnuous £ilm. ~ For this reason,
a trough 72 1s supported w1th1n the lowest chamber 64
of the inner plpe 60 to collect the llquld falllng
through the dlstrlbutlon apertures 70. VThe trough 72
is supported within the lower chamber Ggrby;means of
suitable mounting—members 74'Whichgareiarranged SO as
not to impede the flow'of'liquid outfof'the trough ouer
the top of its 51de walls 76 and out.through ‘the slit
56. This comblned structure thus serves several :

purposes. First, flow 1s evenlyrdlstrlhuted throughout
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the length of the film forming head by the distribution
plate 66. Second, the liquid dropping through the
distribution plate is integrated into a continuous body
by the trough 72. Third, the trough is permitted to
overflow so that the liquid flows along the walls of
the lower chamber 64 of the inner pipe 60 and out slit

' 58 in the form of a continuous, isolated free-falling
film 58.

The apparatus of FIGURE 6 is normally constructed
of stainless steel with external insulation 75 being
formed of a suitable material resistant to degradation
at high temperatures. With this structure, both sides
of the slit 56 are formed of stainless steel since the

inner pipe 60 is formed of that material.

The open ends of the film forming head 54 are
preferably closed by a removable end cap 86 as shown in
Figure 8. The end cap includes a stainless steel cap
88 having an extended rim 90 having an inner diameter
somewhat greater than the outer diameter of the inner
pipe 50 so that the rim fits around the pipe 60.
Within the cap 88 is a sealing gasket 92 formed of
Teflon, suitable rubber or another appropriate material
of similar properties. The gasket presses against the
open end surface, designated 94, of the inner pipe 60
providing a fluid tight seal.

The end cap 86 is held in place by a suitable
overcenter or snap-action mechanism 96. This mechanism
includes a pair of bearing members 98 (only one shown)
secured to opposite sides of the outer surface of pipe
60. These bearing surfaces have a central recess 100
into which each of the two legs 102 of the actuator arm
104 are pivotally inserted. The actuator arm includes
a pair of circular coupling points 106, one of which is
located on either side of the pipe 60. A coupling
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member 108 of general U- shaped conflguratlon 1s'
connected to each of the c1rcu1ar coupllng p01nts 106

on opposite s1des of the plpe 60 and extends across a

groove 110 in the end surface of cap 88

By approprlate motlon of the actuator arm7104, the'
end cap is elther pressed 1n p051t10n to seal the open
end of the 1nner plpe 60 or 1s released from ‘the plpe
60 to permit easy access to the 1nter10r thereof. - A
similar cap is- p051t10ned at the opp051te end of the
pipe 60. o

The film~ formlng head shown in Flgures 6-8 is
characterized as a "center. feed" head because the fluid
supplied to thé'head is delivered through the inlet
pipe 52 which is. p051t1oned at the center of the film
,formlng head 54, An alternatlve tO thls surface is ther
"end feed‘head"rlllustrated in F;gure 9. In this
arrangement, the:supply pipe 52 is coupled to a flow
dividing manlfold 112 which 1s coupled to both ends of
a modified film formlng head 114, whereby an equal flow
of liquid is supplied to opp051te ends of the head
114. Thls de51gn has’ several 1mportant advantages over
'the center feed design prev1ously descrlbed. First, no
"dead flow" spots are created 4in ‘the end feed de51gn,
thus prov1d1ng a potentlally more sanltary ,
arrangement. The flow dlstrlbutor can also be more
easily cleaned and serv1ced in place. Furthermore, the
flow is more evenly dlstrlbuted and’ Spllttlng or other
deformatlon of the falling film 58 is less likely to
occur. In addltlon the need for the end cap structure
1llustrated in Flgure 8 lS ellmlnated

The modlfled film. formlng head 114 retalns the ,
slit 56 for formlng the fllm 58 and ‘the. entlre assembly
is fully 1nsulated, although the 1nsulat10n is not
shown in Figure 9. However, the £ilm dlstrlbutlon
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plate 66 is eliminated and replaced by a flow
distribution tube 116. The flow distribution tube is
inserted into a length of stainless steel pipe 118
having the slit 56 in a lower surface thereof, and
appropriate mounting flanges 120 and 122 to permit a

fluid tight coupling with the flow dividing manifold
112.

The flow distribution tube 116 is illustrated in
more detail in Figure 10 as including a central body
124 having a conical end flange 126 at either end
thereof. The end flange 126 may be either formed
integrally with the central body 124 or may be coupled
to the central body by conventional means. The outer
diameter of the central body 124 is less than the inner
diameter of the pipe 118 to provide a flow space 128
between these two structures. The end flanges 126 at
either end of the flow distribution tube is expanded to
the same diameter as the inner diameter of the pipe
118, thereby providing a fluid seal for directing all
fluid from the flow dividing manifold 112 into the
interior opening of the flow distributidn apertures 130
drilled through the central body 124 fo the
distribution tube. These apertures are varied in size
or density in the same manner as previously described
with respect to the distribution aperture 70 of the
distribution plate 66. However, the distribution
pattern is different in the case of the appartus
illustrated in Figure 12 because the pressure
distribution in the end feed system is different from
that in the center feed system, as will be apparent to
those skilled in the art. Specifically, the size or
density of the holes should be decreased toward the
center 6f the flow distribution tube 116 and increased

toward the ends thereof. The flow distribution
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apertures 130 are oriented toward the top surface of
the distribution tube When;the'distribufibnrtube is in
place in the distribution head. When assembled in this
manner, fluid flowing through the interior of the
distribution tube 116 paSSesioUt through'thé
distribution apertures 130 and flows around the outer
surface of the distribution tube into thé'flow'Space
128 and out thrdugh'theféiot'56 £o7form théYCOntinuous
isolated film 58. : o

In many instancesrit'is desirable to have more
than one £ilm forming head in use at thé”same time,
For instance, it maybe desirable to have a plurality of
heads operating withih,a'sterilization'device in order
to increase the flow handling capability of the device
and efficiently utilize the interior space of the
device. 1In the past, a manﬁal valve has been utilized
for controlling the flow to each f£ilm formingrhead.
Howéver, when several films éfé in use*it becomes
difficult to properly adjust the valves to provide
appropriate flow distribution to all film forming
heads. As a result, unequal flow distribution
sometimes occurs causing ong:or more'film to be
imperfectly formed so thét épiashing éan oCCur,causing'
droplets to burn onto hot surfaces of the sterilization
device causing somercontamination of the treated ,
product. Furthermore, unless a flowmeterris used in
each of the feéd pipes, it becomes diffiédlt for an -
operator to adjust the valves and visually determine
the appropriate filmrformation for each falling film.
To eliminate the expense of multiple flowmeters and
other disadvantages, a unique apptoaéh to solving this
fluid flow distribution problem has been developed and

will now be described mathematically.

The flow equation for an incompressible fluid
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flowing through an orifice in a pipe is (see Mechanics

of Fluids; Shames, Irving H., McGraw Hill, 1962, p.

168):
Q = Cd

Where:

Cd is the coefficient of friction
Q is the flow rate

Ay is the cross sectional area of the pipe
A, is the cross sentional areas of the orifice (slit)
P; is the pressure before the orifice (slit)
P, is the pressure after the orifice (slit)
is the density fo the liquid

For Ay>>A, the flow can be approximated as:
0 27 caa, Jpl ~ "2 (2)
0

Equation 2 reveals that the flow in a pipe and through
a slit orifice is directly proportional to the cross
sectional area of the slit and directly proportional to

the square root of the pressure.

Figure 11A and 11B depict a film forming head with
an inner pipe 60 having a slit 56. According to
equation 2, the flow through the slit will depend on
the sgquare root of P1-P2 and cross sectional area of
the slit which is the length of the pipe times the slit
width (Lt). 1If the difference between Pl and P2
remains constant or Pl remains constant, (since P2 is
constant for all tubes), then the flow Q will be
proportional to the area of the slit opening. If the
slit width (t) is also the same for the tubes, then the
flow Q0 will be proportional to the length of the tube.

For more than one film forming head in a

sterilizer, if the pressure in the vertical pipe is the
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same for all heads,,then the flow Q would be
distributed proportional to the 1engthrofithe film,
thus providing optimum film formation for all films at
a specified flow rate. The- design for dlstrlbutlng—the'
flow coming 1nto the stérlllzer should be such that the
pressure in the film forming heads is. equal for all
films. If the slit w1dths are the same for all fllm ,

'formlng heads, then the flow will be dlrectly
proportional to the slit length. '

a very simple design incorporating these concepts
is shown in Figure 12 for two fllms and in. Flgure 13 '
for four films. The two film de51gn illustrated in
Figure 12 includes the,flow:supply,p;pe 52 feeding a
branch pipe 134 having two arme, each coupled to a film
forming head 140, 142,{7These,£ilm forming heads may be
equivalent in design to either the center feed'or'end
feed units previoueiy described The dlameter of the
branch pipe 134 is constant and is the same in both
arms 136 and 138, If one- of the fllm formlng heads is
shorter than the,other, then accordlng to the equatlons
set forth above the flow will beﬁUneQualiy'distrihuted'
in the arms 136 and 138;'the arm'leading-to;the'filmi
forming head<with the longer slit réceiving'the greater
quantity of fluid. Slmllarly, 1n Figure 13 a '
distribution unit for formlng four separate fllms 1s :
illustrated. In this unit a supply pipe 52 is coupled
to branch pipe 134 again hav1ng arms 136 and 138.
However, the arm 136 1s coupled to a second branch 144
having arms 146 and 148 which are coupled to ‘a second’
branch pipe 154 whlch in ‘turn has two arms 156 and 158
coupled respectlvely to fllm formlng heads 160 and
162. Thus the arrangement in Flgure 13 1s similar to
that in Figure 12, but;wlth,an,addltlonal stage of

“distribution added.' The same system can be Scaled—up
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to handle essentially any number of £film forming
heads. Although shown only for an even number of
heads, the system works equally well for an odd number

of heads. However, some orificing of the flow may be

necessary.

Using this design, equal pressure would be
provided for all film forming heads. This distributing
system does not need any valves or any operator
interaction. It is flexible in that unneeded film

supply pipes may be capped off, and it provides optimum
film formation for a given flow.

Although the film forming heads have been
illustrated as being formed of straight or linear
lengths of pipe, or of linear pipes arranged in
parallel, they need not be limited to these types of
configurations. Other configurations for the film

forming heads work equally well.

Referring now to Figure 14, the f£ilm 58 of the
present invention is shown positioned within a
sterilizaiton chamber or UHT unit 176. The

sterilizaiton chamber 176 is based on that disclosed in

Davis Patent No. 3,771,434 in terms of its general

structural configuration including its insulated outer
wall structure 177 and conical lower portion 180. The
film forming head 54 including slit 56 is an
improvement in accordance with the present invention,
however, it should be noted in this regard that a
plurality of film forming heads of any of the
previously disclosed types and configurations can be
used in the structure illustrated in Figure 14 as can

the flow distribution devices of Figs. 12 and 13.

Reférring again to Fig. 14, the sterilization

chamber 176 includes a steam inlet manifold 178 to
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permit entry of the high temperature steam in such a
way that sterilization of the falling continuous,
isloated film 58 can take place. The lower portion of
the sterilization chamber 176 is formed into conical
section 180 upon which the falling continuous, isolated
film 58 impinges and is collected for withdrawal
through an outlet pipe 182. The interior éurface of
the conical section 180 may be coated with suitable
inert plastic material such as Teflon, as indicated at
184. The conical section 180 may also be provided with
a cooling jacket 186 to which a cooling fluid such as
air or water is supplied through a pair of inlet pipes
188 and is withdrawn through a pair of outlet pipes
190. The use of the Teflon coatiné 184 is impoﬁtant in
that it prevents the heated falling continhous,
isolated film from engaging a metal surface while at a
high temperature within the sterilization chamber, to
thereby prevent any possible flavor distortion caused
by contact of the hot milk with a metal surface. The
cooling jacket 186 cools the conical section 180 as
well as the inner Teflon coating to a temperature below
the temperature of the falling column of milk 58 (e.g.
about 280°F). Thus the falling column of milk impinges
upon a surface 184 which is cooler than itself, so that
the earlier mentioned criterion is met: the heated
milk never impinges upon a surface which is hotter than
(or even as hot as) itself in the course of the
sterilizing process. This has been experimentally-
determined to be a highly significant factor in
maintaining proper flavor quality in the [sterilized]
UHT milk. '

It was experimentally found that using water as
the coolant and increasing the flow rate of water
through the jacket and thus the cooling of the cone,
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decreases the amount of burn-on. When the water outlet
temperature reaches approximately 100°F, burn-on is
completely eliminated. Because of the small surface
area, actual heat transfer is small and is less than

100,000 BTU's per hour for a 12,000 gts. per hour
system.

As an alternative to the Teflon coating 184 and
cooling jacket 186, a Teflon cone 192 (shown in
phantom) may be mounted within the conical section of
the sterilizatin chamber upon a suitable rack 194. The
cone is spaced from the walls of the conical section
and has a sufficiently wide top opening to receive all
of the falling liquid product. Although the Teflon
cone does not provide a cooling function, it does not

heat-up excessively and prevents product burn-on.

As was pointed out previously, physical
perturbation of the heated milk must be minimized to
prevent flavor distortion. A good example of the type
of physical perturbation that can seriously damage the
flavor of the milk is splashing as the film of milk 58
strikes the conical section 180 of the sterilization
chamber as the sterilization heating is completed. 1If
the film 58 is not properly formed, and is not of the
proper height, the entire film, or portions of the film
adjacent the edge thereof, can become discontinuous and
form droplets not connected with the main body of
film. This is in effect a breaking of the overall
unitary surface tension which holds all of the film
particles together. Once droplets of this nature are
formed, substantial splashing can occur as these
droplets impinge upon the lower conical surface of the
sterilization chamber. This splashing may cause milk
particles to contact the vertical side of the vessel,

causing burn-on and flavor distortion in the portion of
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the milk that is highly agitatea'by theesplaShing and
this flavor distortion can contaminate:the entire
guantity of milk passing through thefsterilizer.i
Accordingly it is of cdnsiderablerimportaﬁCe'that'the
film 58 be maintained'fﬁlly copfihuous:even,after it
impinges upon the cooled conical section 180 of the
sterilization chamber. When the f£ilm 58 is properly
regulated, it does not splash when engaglng the conical
section, thereby virtually ellmlnatlng severe physical
perturbations or agitaticn from the falling column of
milk. This phenomenon is'analogous to, and can be
demonstrated by, a falling column of Water~fr0m an
ordinary faucet. When the faucet is turned on
slightly, drops from whlch fall to the 51nk ‘surface and
splash, i.e. breakrup into very fine droplets which
travel in all directions away.from the splash'zone at
considerable velocity. As the faucet flow is gradually
increased, the'c01umh Qf'watefrbecomes”mcre continuous
but may still break'up_into drobs befcrerreaching the
sink or drain,surface.rﬂIa'thisrinstanCe,splashingrwill
still occur. However, Once'therfauce ficw reachesfthe,
proper range, a continuous stream Of'waterrwill fall
unbroken to the surfaCe'of the sink and will then
spread out evenly over a portlon of that surface
without any splashlng occuring whatsoever. If the
water pressure is increased further, splashlng will
again begin to occur. These phenomeha have been
described in more detall prev1ously . The fllm flow ‘in
accordance w1th the present 1nvent10n is set so as to 7
be analogous to the faucet situation in whlch no
splashing occurs. " This condition is an equilibrium
condition in which the surface tension of the falling
stream is sufficient to hold all particles of the
- stream together, oVerccming the disruptive (splashiﬁg)

forces which occurs when the stream impinges upon a
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surface terminating its fall.

It should be noted that while falling columns of
fluid could be used in the content of the present
invention, falling films are preferred because of their
increased surface area thch provides more rapid and

more uniform heat transfer characteristics.

In order to maintain the isolated film 58
continuous, careful formation of the film and careful
control of its height for varying circumstances must be
maintained. The islolated falling film is in fact "V"
shaped in the sense that it is narrower at the bottom
than at the top. This shaping is caused by surface
tension forces actng on the isolated film and provides
an ideal shape in that the film tends to conform to the
shape of the cone at the base of the sterilizer. For a
particle in the middle of the f£ilm, the surface tension
forces are equal and opposite on all sides. However,
for a particle at the edge of the film, the surface
tension forces are not balanced and the particles in
the film are pulled into the film, resulting in a
configuration in which the edges of the film become
relatively thin as compared to the center of the
film. 1In general, this problem is not critical,
although it can be eliminated by fixing thin rods or
wires (not shown) to the ends of the distribution head
54 to "stretch" the film by balancing the surface
tension forces. The rods are perferably formed of
Teflon to minimize the chance of flavor distortion.
These rods engage only a tiny portion of each edge of
the falling film, and the film thus essentially retains
its "isolated" characteristics.

Thé'height of the continuous, isolated falling
film is critical. If the film is too short,

insufficient time will be provided for heat transfer



v :l » ¥ B B TTEETEE
- . ¢ ¢ .

10027595

- 35 -

and penetration;ofithe'film, both of which are 7
necessary for complete sterilization of the matefialr
being processed. If, on the other hand, the film is
too long, the film willebecome'excessively'thin because
of its continued acceleration due to the force of
gravity, and will begin to break up'causing splashing
and other undesirable effects. For example, a film
with an initial thlckness of 0.040 inches and an 1n1tal
velocity of 2 feet per second w111 have the thlckness

to height relatlonshlps as shown 1n TABLE 2 below.

TABLE 2
_FILM THICKNESS 1}'  HEIGHT OF FILM
0.040 0 ft.
0.013" - 1/2 ft.
0o.010" o 1 ft.
0.0057" 2 fr.
0.0044" 3 ft,

For most prodnots the optimun height of the falling
film lies within the range between one and:three 7
feet. Films within thisrheight range can be maintained
continuous and splash free, providinérsuffioient,

product exposure time for adequate'heat treatment

It should ‘be noted that in- the case of the present
1nvent10n, the surface upon whlch the falllng film 58
impinges is the conlca; surface,180 which is inclined
toward therCentrallyrpositioned'outlet,pipe 182. The
inclination ofithe conical surface serves to reduce the
angle of impact of the falling £ilm 58, and thus
further reduces:the 1ikelihood'of splashing, as well as
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further reducing the overall physical agitation of the
falling film as its direction of motion is changed by

impingement upon the conical section 180. The same is
true when the Teflon cone 192 is used.

Summarizing the fofegoing disclosure, the present
invention relies on a number of factors in supplying
the fluent material to be processed to the
sterilization chamber 176. Specifically, a unique film
forming head structure is used to form a continuous .
fluid film. The height of this film is carefully
selected to maintain the f£ilm continuous and to provide
sufficient time for thorough heating to occur. The
flow rate of the falling product is also carefully
selected so that the falling film is maintained
continuous and so that no splashing occurs. These
arrangements make possible the reliable formation and
continuous existence of an isolated f£ilm which is not
guided by any mechanical structure, but exists

independently in space for a selected interval of time.

Another aspect of the present invention is the
method and apparatus for directly applying heat to
fluent food products or other liquids. The concept of
direct heating means that a heated gas, such as steam,
directly contacts the fluent food product material
without need for any type of mechanical or structural
heat transfer mechanism. 1In the case of dairy
products, steam has been found to be the most efficient
medium for supplying heat to the continuous, isolated
falling films previously disclosed. Since the heating
medium is a factor of considerable importance in
attaining the intended goals of the present invention,
steam parameters and flow handling are of substantial’
importance to the proper operation of the invention.

With diary products the steam utilized must be culinary
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(purified) and fully saturated with no air or other
non—condensables contained in it;, Such'steamrcanrbe
produced by conventional technqiues.;1Furthermore, the
steam must be maintained at a sultable temperature in
the range of between 285 and 320°F to permit heatlng of
the fluent food material to. the proper temperature
~range of between 280 and 310°F. - Steam pressure in the
range from 40 - 70 psig haS'also been found to be
sufficient. The rate at which steam is. supplled to the
sterlllzatlon chamber 176 is also a matter of
considerable 1mportance because the volume of steam
determines the amount ofrheat dellvered to the -
sterilization chamber. ,Sincerheatrisreontihuously'
being absorbed by the faliing isolated product f£ilm,
additional heat must be continuouslf'supplied in the
form of more steam. It has been found that the
approximate nominal steam flow rate for a sterilizer
producing 12,000 quarts perfhour of productrwould be
3,750 pounds or 24,775,cubicrfeetfper'hour to raise the
temperature of milk from 150°F to 300°F. Naturally a
range of variation in these values is permiSSible,
although they determlne an approx1mate optimum
operating point. For sterlllzlng systems of dlfferent
flow rates or temperature ranges, the steam supply can
be appropriately scaled to- deliver a- suff101ent
quantity of heat to the apparatus.:? o

~ Because of the need to malnta;h themisolated film
58. continuous and unbroken by any form of turbulence
within the sterilizatiOn-Chamber; the physical handling
of the applied steam isralso'a matter of considerable
importance. To supply a suff1c1ent volume of steam to
the apparatus, it has been found that relatlvely hlgh
flow rates .are not often necessary, for example on the

order of 7 cubic ft. per- second. ‘Unless this flow is
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properly distributed, steam velocities in excess of 100
ft. per second would result. Steam supplied directly
to the sterilization chamber at this velocity would, of
course, totally disrupt the smooth flow of the
continuous films within the sterilizaiton chamber, thus
rendering the invention inoperative since the excessive
turbulence produced would cause substantial flavor
distortion for reasons already mentioned. Accordingly
the steam flow within the sterilization chamber 176
must be carefully controlled.

In fact, steam must be brought in with as low a
velocity as possible. It was found experimentally that
for milk a steam velocity above 5 f.p.s. causes
breaking up to the falling film. For other products
the maximum steam velocity would depend upon product
viscocity and film thickness.

It is interesting to note that the maximum
permissible steam velocity provides a mimimum size
(e.g., diameter) criterion for the sterilizer 176. For
example, a 12,000 g.p.h. sterilizer requires 7 cubic
ﬁeet of steam per second. If the steam is perfectly
distributed, the sterilizer must have a minimum
interior cross sectional area of 1.4 sgare feet
equivalent to a diameter of 1.34 feet. A safetly
factor of 2 yields a diameter of approximately 2.5

feet, which has proven to be a suitable size in
practice.

In the apparatus shown in Figure 14, saturated
steam at the temperatures and pressures previously
described is applied through steam supply pipe 196 to a
vertical baffle 198 which surrounds the perimeter of
the sterilization chamber 176. The baffle 198 is
coupled to the interior surface of the sterilization

chamber 176 at its lower end 200, and is so shaped as
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to provide an upwardly directed chahnel 202 for all
steam entering through the steam supply pipe 196. Thus
the velocityrof therincominngteam causes'it_to impinge
upon the adjacent surface of,theiverticalrbaffle 198 -
and to be subsequentiy directed. Straight upwardly
'through channel 202 along the outer wall of the
sterlllzatlon,chamber. Steam flow is 1llustrated in
Fig. 15 by small arrows. As shown in this Fiqure, the
incoming steam flows up the steam channel 202 through
the open'uéper end 204 of the vertical'baffle 198 and
into a steam circulaitoh chamber'206 formed'between”é
removable sterilization chamberrlid'208'and a steam
distribution plate 210, shown in- more detall in Fig.
16. It is noted that- the 1ld 208 may be constructed

similar to the equivalent structure shown 1n the
previously referenced Davies patent.,'

The incoming steam loses much of its directional
velocity in paesing thropghhthe steamrchannel 2027ahd
entering the circulation chamber_ZOS. The steam
distribution plate 210'pr0videsithe final reduction in
velocity necessary to slow the'steem{to a non—
disruptive speed and'elso:distributes and directs the
steam in a direction: garellelito'thehfailing'films to
minimize its dlsturblng effect on the falling films 58'
while 51mu1taneously max1mlzlng absorption into the
falllng films. As shown in Figs. 15 and 16, the plate
210 is preferably c1rcular, hav1ng a diameter whlch
allows it to cover the entire area of the sterlllzatln
chamber inside the vertical baffle 198. Thus the plate
2107meets thefupper'end 2O4fof7£he'ver£ical baffle
198. The plate 210 is preferably secured to lid 208 by
conventional mounting'memberSVle; |

The plate 210 may be diviaedrihto two equal halves
214 and 216 to permit:ease~of'instaliation'and '
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removal. A plurality of feedpipe apertures 218 are
provided along the center line where the two halves 214
and 216 of the plate 210 are joined to permit the
feedpipes 52 to pass through the distribution plate 210
to supply product to the film forming heads 54. Steam
distribution apertures are drilled through the
distribution plate 210 in rows 222. Each row has fewer
holes in the center than the ends since steam pressure
in the center is a maximum, the same concept is already
described with respect to the distribution apparatus in
the film forming heads shown in FIGS. 6-10. The
apertures 220 may, for example, be small holes having a
typical diameter of approximately one-gquarter inch and
distributed in such a way as to permit a uniform but
low velocity diffusion of steam from the circulation
chamber 206 into the region of the sterilization
chamber through which the films 58 fall. The rows 222
of apertures are aligned parallel to the film forming
heads 54, and thus parallel to the falling films 58,
Accordingly, as shown in Figure 15, steam passing
through the apertures 220 form a curtain on either side
of the falling films 58, while at the same time
reducing to an absolute minimum any disturbing
influence that the flowing steam might have on the
falling films. As a result almost no turbulence is
experienced by the falling isolated films 48, while the
films are rapidly heated to the desired sterilization

temperature by absorption of the steam curtains.

Actual heating of the falling isolated film 58
occurs very rapidly due to direct absorption of heated
steam by the product being processed. Thus, a
substantial amount of heat (i.e. the heat of
condensation) is released by the steam and transferred

to the product causing a rapid temperature increase in
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the product. The additional water added to the product
by absorption of the saturated steam is subsequently

removed from the product in the flash cooling step to
be described subsequently.

It is noted that saturated steam is the suggested
heating medium for use with dairy prdducts such as
milk, in view of the need to obtain a temperature on
the order of 300°F. However, other fluent products can
be treated in the system at whatever temperatures are
required. In this respect, it is noted that thersystem
provides a unique advantage in that the heat treatment
temperature can be controlled to a high degree of
accuracy heretofore not possible. Steam or other gases
can be used for high temperaturesfwhiie heated air and

steam can be used at temperature of 200°F and below.

Attention is now directed to Figure 23 which is
somewhat similar to Figure 1 in that it iilustrates a
partial system including the sterilization chamber of
sterilizer 176 coupled to a vacuum chamber 224 by means
of a holding tube 226. It is noted that in operation .
the sterilizer 176 should be placed adjacent to the
vacuum chamber 224 so that a minimal length holding
tube can be used. In addition,the inlet to the vacuum
chamber should be at least two feet higher'than the
product outlet 182 at the base of the sterilizer to
provide a proper product flow. A sight glass 228 is
shown located at approximétely the center of the .
sterilizer 176. The details of the sight glass are
shown in Figure 14 as including a small high-intensity
lamp 230, a Plexi-glass shield 232 and a pressure-tight
mounting structure 234. The sight glass is located to
permit the operator of the system to check product
flow, system operability, f£ilm formation, and liquid
level. '
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Although only one steam inlet is shown in the
apparatus of FIGURE 14, the system preferably includes
two steam inlets 196 positioned on opposite sides of
the sterilizer 176, as illustrated in FIGURE 17. The
two steam inlets are fed by a common culinary steam
line which delivers equal volumes of steam to both
inlets 196. This line is sized to deliver properly
filtered culinary steam to the sterilizer at an

appropriate pressure, such as 75 psi.

Steam flow into the sterilizer is controlled by a
conventional steam control valve 236, such as a Foxboro
Model V1400UE, which is in turn controlled by a
temperature-pressure cascade loop, to be described in
more detail. A product temperature sensor 242, located
near the end of holding tube 226, senses the product
temperature. A signal representing this temperature is
applied via a line 265 to a first controller-recorder
243, such as a conventional Foxboro Model 44/BP unit.
This unit includes an adjustable set point reference
245 which is initially set (manually, for example) to
the desired product sterilizing temperature of the
system. The output of the controller recorder 143 is
an error signal representing the difference between the
set point temperature and the actual temperature
measured by the sensor 242, This output signal is
applied to a second conventional controller recorder
247, preferably identical to the unit 243, serving as
the set point input thereof. The second controller
recorder may be characterized as a pressure controller

while the first may be characterized as a temperature
controller.

A conventional pressure probe 238 monitors the
steam pressure delivered to the sterilizer and applies

a corresponding signal to the second controller
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recorder 2477asran'inpmt'thereto. An errorisignal'
representing the difference betweenrthe pressure signal
on line 240 and the output of controller recorder 243
is produced by controller 247 and applied via a line

249 to the valve 236 to- regulate steam flow into the
sterlllzer.

The illustrated system utilizing two cascaded
controller recorders ellmlnates 1nstab111t1es that
occur if only one controller is used - As an
alternative to the 1llustrated system, the,desired
sterilizing steam pressure can be'used as the set point
reference 245 and the pressure 51gnal on llne 240 can
be supplled to the first controller 243, while the
temperature signal on- llne 265 can be . supplled to the

second controller 247. This arrangement works- equally
well,

If therlewer conical'sectioh’lsorof‘the sterilizer
is to be air cooled, a lowfpressUre feed,of'ambient
temperature air is,supplied'to the“inletslBB through
conventional equipment including a pressure’regulator
- 244, a pressure gauge 246, aﬁd a remotercontrol valve
'248. The cooling air supplY'may,be'replaeed by a
cooling water supply with equivalent regﬁletory
components designed for handling,weter flow. '
Similarly, as'mentioned,eaflier;'the uSe-ef'arTeflon
cone 192 inside the coniéal;regioﬁ 180 can eliminate
the need for the air or watericoeling,hetwork.

An additionalrair supply'isrused to force liquid
through the holdlng tube 226 and the rest of the system
‘during cleaning or durlng coollng down of the system
when steam is not being- used. - This supply may be a
conventlonal one- half inch a1r llne 250. This a1r
inlet can be joined to the steam 1nlet line 196 at any

point between the .stean control valve 236 and the
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276 is established experimentally by operating the
system at different known flow rates and observing the
liquid level in the sterilizer after the system has
stabilized. For a flow rate of 3,000 gallons per hour,
for example, an orifice-of approximately one inch is
used. Similarly, for a flow rate of 600 gallons per

hour, an orifice of approximately 3/8 inch is used.

The proper size orifice will maintain a constant
product level at the bottom of the sterilizer in the
outlet pipe 182. Since the flow rate of a liquid
through an orifice is effected by its specific gravity,
the liquid level in the outlet pipe 182 of the
sterilizer will change slightly if the specific gravity
of the liquid changes. Therefore a supply of variously
sized orifices will be required if products with widely
differing specific gravities are to be processed in the
system at a constant flow rate.

It is noted that the temperature sensor 242 is
used in conjunction with the controller recorder 243 to
record the legal holding tube temperature and to
activate a flow diversion valve (described in the
discussion of FIGURE 18), located elsewhere in the
processing system if legal temperatures are not
maintained. Another heat sensor 282, which is an
indicating thermometer, is positioned adjacent to the
end of the holding tube for sensing the product

sterilization temperature and can be visually checked.

In the vacuum chamber 224, the temperature of the
milk is virtually instantaneously lowered to about
160°F at a vacuum of approximately 20 inches of
mercury. This rapid reduction in pressure causes
removal of all of the absorbed steam and returns the
processed iiquid to its ordinary concentration. More

importantly, the reduction in temperature of the
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sterilizer 176. The air inlet line should be provided
with a check valve 252, a pressure gauge 254, a remote

control valve 256, and a pressure regulator 258,

Product for treatment in the sterilizer 176 is
supplied via a main supély line 266 which is coupled to
a plurality of supply pipes 52, each feeding one of the
film forming heads 54. in FIGURE 17 each of the supply
pipes 52 is shown as having a manual .valve 262 to
provide individual £low adjustment to each of the film
forming heads. These manually adjustable valves may be
eliminated simply by utilizing the distribution "tree"
concept illustrated in FIGURES 12 and 13. The main
supply line 266 includes an input product temperature
sensor 264 and a product line check-valve 267 which is
placed in the main supply line Jjust before the
temperature sensor,

A liquid level sensor 268 may be used to monitor
the level of product at the bottom of the sterilizer
176. As shown, the device is preferably a non-
contacting conventional magnetic or gamma rayrdevice
including an energy projector 270 and an energy. sensing
device 272. Similarly, an optional non-contacting
flowmeter 274 of conventional design may be coupled to
the holding tube 226 to monitor the flow of product
through the holding tube. The holding tube itself is a
sanitary line for transferring the product from the
sterilizer 176 to the vacuum chamber 224. The
residence time of the fastest-moving particle of
product in the holding tube is considered to be the
holding tube time. A removable orifice 276 is
installed at the end of the holding tube where it
enters the vacuum chamber 224. The orifice 276 serves
as both an expansion valve and a control of the flow
rate through the holding tube. The size of the orifice
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product, particularly where milk is concerned, reduces
the sensitivity of the product to taste distortion
which could be caused by extensive physical
peturbations or agitation. Thus, once it is cooled in
the vacuum chamber, handling of the milk product
becomes less critical. However, it is noted that the
product must pass at high temperature through the
outlet pipe 182 and the holding tube 226 before it
reaches the vacuum chamber. Thus handling of the milk
as it passes through the holding tube is also critical
since flavor distortion can easily occur in the holding
tube itself. Furthermore, the flow of processed
product through the holding tube must be very closely
monitored to prevent either a buildup of excess product
in the sterilization chamber or a drop in the level of
fluid in the outlet pipe 182. An accumulation of
excess material in the sterilization chamber can result
in splashing, and the resultant undesirable physical
agitation of the product at the bottom of the '
sterilization chamber as well as burning on of droplets
of splash material that reach hotter portions of the
sterilization chamber wall. Furthermore, if the
product is not steadily withdrawn from the
sterilization chamber, its time of treatment at high
temperature increases and accordingly flavor distortion
can occur due to excessive high femperature exposure
(i.e., overheating of the product). Fluctuations in
the level within the sterilization chamber can thus
lead to non-uniformity in the resultant product which
is very undesirable from the quality control

standpoint.

I1f, on the other hand, the level of fluid drops
too low in -the outlet pipe 182, steam bubbles may be
trapped in the outlet pipe and the holding tube 226.
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Such steam bubbles affect the holding time and cause it
to become unpredictable, again creating the possibility
of non-uniformity in the treated product. The same
steam bubbles also collapse unpredictably and cause
localized heating of the produét and excess deposits on
the walls of the holding tube 226. Such deposits can
reduce the diameter of the holding tube and thus

further restrict flow leading to a continual backup of
fluid within the sterilization chamber, and conséquent
further loss of quality in the product being
processed. Burning on of milk solids to the walls of
the holding tube can also result from the lack of a
steady flow of product (i.e., a brief délay in passing
through the holding tube). Again, deposits may be
created on the wallé of the holding tube further
reducing flow and also imparting a burnt flavor to the
milk product as it emerges from the holding tube. For
all of these reasons, it is essential to accurately
control the fluid level ét the bottom of the
sterilization chamber (or top of the outlet pipe 182)

and to control the flow rate through the holding tube
226. '

Accordingly, a very precise system is necessary
for controlling the fluid level at the bottom of the
sterilization chamber and for controlling f£luid flow
through the holding tube 226. 1In addition to being
accurate and reliable, however, such a control system
must also be such that it does not engage therhotrfluid !
product, can be kept sterile with little or no
difficulty, and can be produced at a cost which is not
prohibitive. To meet all of these criteria, a unigue
method and apparatus was developed for maintaining the
fluid flbw and fluid level in the system of the

invention. The unique aparatus relies upon maintaining
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a pressure equilibrium and is characterized as a

"balanced force" technique.

In developing this technique it was first
determined by extensive experimentation that the
optimum fluid level was.a level at the junction between
the bottom of the sterilization chamber 176 and the top
of the outlet pipe 182, as indicatd at 284 in FIGURE
17. Maintaining the level 284 results in a liquid seal
at the bottom of the sterilization chamber prohibiting
the escape of steam or steam bubbles into the holding
tube. It further essentially eliminates the
possibility of splashing within the sterilization
chamber and results in a steady flow of material
through the holding tube 226.

The balanced force control is established by
adjusting a valve 267 to an appropriate setting so that
a desired flow rate of product is introduced into the
sterilization chamber 176. Once this setting is known
for a given product, the valve 267 may'be replaced by
an orifice plate or the piping may simply be sized to
produce the desired rate at all times. Steam must then
be introduced through the supply pipe 196 at an
appropriate temperature and pressure to provide
adequate heating of the product. The orifice 276 is
then set to maintain the desired liquid level 284 at
the bottom of the sterilization chamber. This level is
checked by the use of the liquid level sensor 268. It
has been discovered empirically that for a given sized
orifice 276, a single liquid level is established in
the sterilization chamber 176 when all other conditions
remain constant as one would expect. It was also
discovered that large system variations did not
significantly change the liquid level and moreover did

not cause instability in system dynamics. This was
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completely unexpected. It is arsignificant finding
since level and flow control in the sterilizer and .
holding tube are critical to the film formation and to
preventing overheating and flavor distortions. This
finding meant that a figed orifice is all that would be
needed to accurately control the level in the
sterilizer and the flow rate through the holding tube.

As an alternative to adjusting the orifice 276, a
valve may be installed in place of the orifice 276 and
adjusted to the proper flow rate. Once the proper rate
is established for a particular system, the valve can

be removed and replaced by an orifice permitting the
same flow rate.

Data supporting the operation of the force balance
method is set forth in TABLE 3. As indicated in the
table, it has been observed expetimentaily that a very
stable flow rate was established when fhe force balance
level control method was used as opposed.ﬁo using a
conventional feedback control system for modulating the
holding tube back pressure. This was'observed'using a
conventional magnetic flow meter 274 with readings
recorded on a conventional circular chart. As seen
from TABLE 3, significant variations in System
parameters, such as flow rate, sterilizer pressure, and
temperature do not cause instability or loss of the
liquid level. Moreover, the change in the liquid level
is very small (less than 2") even when large variations
occur in the flow rate and sterilizer temperature and
pressure as seen in TABLE 3. It is thus accordingly

seen that a stable configuration is established.

The most important and critical aspect of this
"balanced force" method is that large changes in system
dynamics that would likely occur during a commercial
operation do not causes instability in the liquid level
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due to a balancing of system forces. For example,
suppose an orifice is sized and placed at the end of
the holding tube to provide the proper level. If the
flow rate is increased by 20%, one would expect the
level to continuously rise and fill the sterilizer,
This does not occur. 1In fact, an increase in the flow
rate to the sterilizer results in a very small increase
in the liquid level which again becomes stable. The
increased flow rate requires additional steam, which
requires additional pressure, which forces more product
at the outlet of the sterilizer, thus counteracting the
increased flow input. The discovery of the stability

of this method is critical to system operation.

To prevent flavor distortion due to contact
between the heated product and a metal surface, the
entire inner surface of the outlet pipe 182 and the
holding tube 226 may be coated with an appropriate
inner material such as Teflon, or the holding tube may

be formed of an inert material such as glass.
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TABLE 3

Balanced Force Level Control Method Data

"(Orifice 276 ='§/gn)

PARAMETER

Flow Rate . 10.7 - 8.1 9.7
(GPM) - ' | g .

Sterilizer Pressure ‘37 21 28.5
(psig) o - 3 '

Sterilizer Température 285 - ,j' 248i - 270
(°F) _— U :

 Ligquid Level ERR 7 : 53 '  f-7 60 - 70
(0-100=6") : S :

Sterilizer Inlet Temperature wasrconstant at 159°

‘Flash Chamber Vacuum'was'éohstant at 21" mercury.
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A "pop-off" or maximum pressure valve 286 may be
coupled to the steam supply pipe 196 as a simple and
effective way of ensuring that steam pressure does not
rise above a predetermined value. This valve prevents
the steam pressure from'rising in the sterilization
chamber 176 and thus maintains the chamber pressure
below a specified maximum. If the steam supply should
increase above a specified maximum, f£low would increase
through the holding tube above a specified limit and
the level 284 would drop below the optimum position.
The pop-off valve 286 provides a device for preventing
this situation from developing.

It should be pointed out that the balanced force
level control method works similarly with non-
condensable gases, such as air. This is very useful in
cleaning closed vessels within the present system.

More particularly, a selected air pressﬁre is
maintained in the sterilization chamber which will
result in a constant level and flow rate. The constant
level improves the ability of the pressure vessel to be
cleaned and eliminates the need for a pump at the

discharge or bottom end of the pressure vessel.

The design of the holding tube 226 for an ultra-
high temperature {(UHT) system in accordance with the
present invention is particularly critical since many
of the flavor distortions which have been eliminated in
the unique design of the sterilization chamber 176 can
be reintroduced into the product by various effects
‘occurring within the holding tube. It is particularly
necessary to avoid agitation and turbulence in the
holding tube as oiling off and fat separation can then
occur. . A very smooth and continuous rate of flow
through the holding tube is essential to product

quality and uniformity. Thus even a negative feedback
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control network which might be coupled between a valve
placed at the position of orifice 276 and the flow
meter 274 or level detector 268 might cause 7
oscillations in the flow rate or other variations in
the flow rate which could introduce turbulence and
undesirable pressure variations into the hblding

tube. The balanced force method, on the other hand,
permits a totally fixed system to be produced'wherein
the possibility of flow rate and pressure fluctuations
is virtually eliminated. '

Attention is now directed to FiGURE 18 which
illustrates the sterilizer 176 of the present invention
in conjunction with a complete processing system. 1In
the system, the raw input product, such as raw milk,
enters a balance tank 288 through a supply pipe 290, to
which a water feed pipe 292 may élso,be coupled. The
product enters the balance tank 288 at approximately
4°C (40°F). It is pumped out of the balance tank by a
centrifugal pump 294, through a conventional flowmeter
296 to a conventional pre-heater 298 where it is heated
to approximately 80°C (176°F) by water which has |
previously been used to cool vapors in a flash chamber
condenser 300. A variable valve 302 is coupled to the
flowmeter 296 through a conventional feedback servo
network 304 to regulate the system flow rate at the.
output of centrifugal pump 294. A éohventional
temperature sensor andrservo network 306 monitor the
temperature of the product in line 266 and control the
application of heated culinary steam to the prheated

298 via a valve 308 in accordance with the product
temperature, o

The preheated product enters the UHT sterilizer
176 where it is formed into f£ilms, as previously

described, and heated to a temperature of approximately
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143°C (290°F). Steam pressure maintains a
predetermined level in the UHT heater, in accordance
with the balanced forced control network previously
described, and pushes the product through holding tube
226 into flash chamber 224 where the product is
instantaneously cooled to 82°C (180°F). The same
amount of steam used in the UHT sterilizer 176 is
flashed off in the flash chamber by controlling the
vacuum therein. 1In this regard it is noted that hot
vapors are drawn off from the flash chamber through a
line 310 and supplied to the condenser where they are
condensed by cold water supplied through a line 312.
The cold water is heated in this process and delivered
to the preheater 298 via a line 314. A conventional

vacuum pump 316 evacuates the flash chamber and
condenser,

The cooled product is removed from the flash
chamber by a conventional aseptic product removal pump
318 and is delivered via a line 320 to a conventional
homogenizer 322 where a homogenizing pressure of
approximately 200 kg/cm2 (300 psig) is maintained. A
conventional temperature control and servo network 324
couples the 1ine 320 with an air valve 326 to control
the vacuum within the flash chamber and thus control
the temperature of the product delivered to the
homogenizer. The product level in the flash chamber
224 is controlled by a bypass line 328 around the
homogenizer 322. A check valve 330, controlled by a
conventional level sensing and servo network 332

controls the delivery of product to the by-pass line.

The homogenizer 322 pushes the processed product

through a line 334 to a conventional aseptic cooler 336
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where cold water from the preheater cools the product
from 85°C (185°F) to 20°C (68°F) for aseptic storagé or
for direct filling of aseptic packages by means of a
series of conventional output surge and filler valves
338, back pressure valvés 340 and 342 maintain a
positive pressure in the aseptic product lines to
minimize the risk of contamination. A conventional
pressure monitor and servo network 344 control the
operation of back pressure valve 340, A flow diversion
valve 346 is controlled by the controller recorder 243
in response to temperature measurements of the product
within the holding tube 226. If the temperature in the
‘holding tube falls below the legally-required minimum,
the flow diversion valve is activated to divert the
improperly-processed product back to the balance tank
via a line 348 and a drain/rerun valve 350 to the
balance tank 288 for reprocessing. If the legally
required temperatures are maintained within the holding
tube, the diversion valve remains cldsed and the
process product is delivered directly to the surge and
filler valves,

It is noted that the'SYStem may be completely
automated with an initial sterilization cycle using hot
watexr, a product cycle and subsequent cleaning in place
cycle. '

The major aspects of the present invention
discussed herein together cooperate to produce results
which have long been sought after but have been
unattainable using prior art technology. These results
are the efficient and continuous productioﬁ of fuily
sterilized milk which is virtually indistinguishable
from fresh whole milk in tasté. Tests on samples
produced by the preseht system conducted at the
University of Maryland have'proven that test samples of
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milk produced utilizing the system of the invention can
be stored unrefrigerated for periods up to eight weeks
with no significant taste difference when compared with
fresh, pasteurized milk., Furthermore, in taste tests
held at the University 6f Minnesota in July, 1977 milk
produced in accordance with the general method of the
present invention was compared to regular pasteurized
milk and to sterilized milk using conventional
technology. The product produced using the present
invention received the highest score of all products
indicating taste preference by the panel of testers.
These results confirmed earlier tests conducted in 1976
by the Dairy Marketing Forum sponsored by the U. S.
Department of Agriculture Cooperative Extension Service

and the University of Illinois at Urbana Champaign.

In operation, the apparatus of the invention,
which may be chafacterized as an ultra high temperature
(UHT) sterilizing system, receives preheated products
from an appropriate source. This product is formed
into one or more continuous and fully isolated falling
films of product. Virtually any number of independent
falling films may be produced in the sterilization
chamber 176, depending only upon the size of the
chamber. Naturally, sufficient épacing must exist
within the chamber to prevent interference among the
various films. The falling film is characterized by
the fact that it never engages any surface which is
hotter than itself. It is formed using a distribution
head having a plurality of properly spaced apertures to
maintain careful control over the film thickness and
shape. The falling film is subjected to extremely
rapid heating to a temperature in the range of between
280 and 300°F by fully saturated culinary steam.

Special baffling and steam distrubiton techniques are
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used in accordance with the invention to prevent the
steam from disturbing the continuous nature of the
falling film. This is highly significant in the
context of the present invention since the film must
fall to the bottom of the sterilizafion chamber without
being disturbed or split into components to preveht
taste distortion. The careful reduétion in steam
velocity and ultimate distribution of steam around the
falling film's product prevent the steam from 7
interfering with the continuous nature of the falling
film. Similarly, the height of the film is carefully
adjusted as is the flow rate of the product forming the
film so that the film falls to the bottom of the
sterilization chamber without breaking into droplets or
otherwise becoming discontinuous. As such, surface
tension holds all particles of the film together even
as they strike the bottom of the chamber. As a result
no splashing or substantial agitation occurs as the.
film reaches the bottom of the chamber and is fed into
the outlet pipe. To prevent agitation, splashing or
other physical disturbance of the fluid in the outlet
and holding pipes, extremely accurate control of the
fluid level at the bottom of the sterilization chamber
is required. To meet this requirement, and to meet the
requirement of maintaining extremely steady flow
through the holding tube and to still preserve the
easily cleanable nature of the equipment, a balanced
force technique has been developed. The advantage of
thisrtechnique.is that it eliminates expensive controls
which could contaminate the milk product, could be
difficult to maintain in a sterile condition and might
be subject to failures of malfunctioning which would
result in perturbations in the fluid and flow level -
resulting in turn in inconsistencies in the,outpdt
product. The balanced force technique, however,
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eliminates all of these inefficiencies simply by
: controlling the input flow and regulating output flow
in such a way that a fixed fluid level is found and
maintained to keep the system fully stable and
operational with virtually no risk of failure or
product distortion.

The principal advantages of the continuous,
isolated falling film sterilization method and

apparatus of the present invention can be summarized as

follows:
Flavor -
Product (e.g., milk) flavor as good as or
better than pasteurized. Chalky, sandy
! or burnt flavors associated with UHT milk
: eliminated.
f Consistency -

Because of the inherent design of the
system, product quality is consistent
throughout the production run.

Minimum Product Damage -
Due to the inherent characteristics of
the free falling film UHT heater minimum
product damage results for desired
sterilizing effect. Product

‘ characteristics such as fat separation

l and sedimentation in milk and lack of

whipping ability in cream processed with

conventional UHT systems does not occur

using the process and apparatus of the

invention.

Large Flow Rates -
Small as well as large flow rates are
possible. As little as 100 gph to more
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than 5000 gph. 'This makes large
operations economically feasible.

Flow Rates - ,
The flow rate of the system can be varied
substantially + 20% without losing
stability. This feature will limit the
need for large aseptic surge'tanks which
are a high cost item.

Product Variety -

System can be used for many products with
a wide range of physical parameters
including viscosity, specificrweight,
specific heat, heat sensitivity, and
others.

Long Running Times -

System can be run for a long period of
time without shutdown. Twenty hour per

day operation should be feasible.

Minimun Cleaning -

System can be cleaned in place (CIP)
automatically. Minimum time is needed
because of minimum deposit (burn-on) on
hot surfaces.

Efficient Energy Utilization -

The present UHT heater has high heat
transfer éfficiency (more than 95%);
moreover, there is no reduction in heét
transfer efficiency as a function of

running time.

Large Range of Temperature Increases -

A large range of temperature increases
are possible in the present UHT heater.
As little as 20°F increase to as much as
250°F increase in less than one third
(1/3) of a second. 7
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Maximum Heat Penetration -

Maximum heat penetration is accomplished
by use of the thin isolated, continuous
free falling films with saturated steam,
and very large heat transfer area.

Pasteurizer, Ultra-Pasteurizer, Sterilizer -

System has been cleared by the United
States Public Health service as a legal
pasteurizer, Ultra-Pasteurizer or
Sterilizer. Ultra-Pasteurized dairy
products in most states would not need to
conform to state dating laws.

Minimum Maintenance -

The present UHT heater has no moving
parts, it is constructed of stainless
steel and requires little maintenance.
Since the Ultra-High Temperature portion
of the system involves only the
sterilizer; minimum maintenance is
required in other portions of the system.
Gasketing of plates or tubular heat
exchangers is eliminated or/and reduced.

Manual or Automated -

The system can be fully automated or it
can be manually operated by a trained
operator. The level of aqtomation can be
determined by the user.

The present system can be used for processing and
heat treating all types of fluent materials. Naturally
the characteristics of the material to be treated must
first be studied and fully understood before heat
treatment can begin. For example, it is necessary for
each product to determine the appropriate temperature-
time relatibnship for optimum heating. Once this
relationship is determined, the present system can be
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set to'process any fluent material according to'very
precise time and temperature limitations and w1th an
absolute mlnlmum of physical perturbatlon or
agitation. To prepare the system for treatlng any such
general product, once the time~ tempelature'
characteristics of the product are determlned, it:is'
first necessary to set the height of the'fallingvfilm
in accordance with the requlred heatlng time. Ralslng
the height of the falllng film 1ncreases the time
exposure of the product to heat, whlle lowerlng the
height of the f£ilm reduces the exposure time.
Similarly, the temperature and pressure w1th1n the
sterilization chamber must be set 1n accordance w1th
experimentally determlned optlmum values for the
product in question. It is then necessary to set the
flow rate of the system at an approprlate level. The
flow rate is determined by the width ‘and thickness of
the falling fllm,,the number-of falllng fllms utilized,
and by the viscosity of the;product. Thecsystem can -
~then be adjusted using the balance,force technique to
operate uniformly at the desirediflow rate,

Obviously, numerous adaitionalmedifications and
variations of the present 1nventlon are p0551b1e in
light of the above teachlngs. ,It is therefore to be
understood that within the scopefof the'appended claims
the invention may be;practiced,otherWiSe:than as
specifically described herein. ' 7
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Claims

A process for heat treating a fluent product in a
pressure vessel, comprising the steps of forming a
thin, continuous, isolated body of said product
within said vessel, directly heating said body of
product to a predetermined temperature range for a
predetermined interval, and collecing and removing
said product after heating from said vessel with

minimum physical agitation.

A process as in Claim 1, wherein said step of
forming comprises the steps of supplying said
product to a film forming head within said vessel,

and distributing said product uniformly along the
length of said film forming head.

A process as in Claim 2, wherein said step of
distributing includes the step of passing said
product through a distribution apparatus within
said £ilm forming head which equalizes the flow of
product throughout the length of said film forming
head regardless of a non-uniform pressure

distribution existing within said head.

A process as in Claim 1, wherein said step of
directly heating includes the step of providing a
heated gaseous medium in said vessel, and
permitting said isolated body of said product to

fall through at least a portion of said heated
gaseous medium.

A process as in Claim 4, wherein said step of
providing includes the step of supplying culinary

steam heated to a temperature in the range between
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280 and 310°F to the interior of said vessel.

A process as in Claim 1, wherein said step of
directly heating comprises the step of permitting
said product to fall from 1 to 3 feet through a
heated gaseous atmosphere without engaging anything
except said atmosphere between said steps of
forming and collecting.

A process as in Claim 1, wherein said step of
collecting and removing includes the steps'of
accumulating said product after said step of
heating without permitting said product to engage a
surface hotter than said product, and withdrawing
said product from said vessel without subjecting it

to splashing or other violent physical agitation.

A process as in Claim 1, wherein said step of
directly heating comprises the step of supplying
curtains of a low velocity heated gaseous medium to
said pressure vessel, said step of sﬁpplyingrbeing
carried out so as to prevent disruption of said

thin, continuous, isolated body of product.

A process as in Claim 1, further comprising the
steps of transporting said proddct to a cooling
vessel within a predeﬁermined interval of time with
a minimum of agitation, and rapidly cooling said
product in said cooling vessel.

A method of forming a flowing fluent product into a

thin, continuous, isolated fluid body comprising
the steps of determining an optimum initial
velocity for forming and maintaining said thin,
continuous isolated fluid body for said fluent
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product, sclecting a desired flow rate for said
fluid body, providing an elongated aperture of
suitable length through which said fluent product
will pass, determining the width of said aperture
to provide said optimum initial velocity, evenly
distributing said fluent product throughout said
aperture so that approximately the same volume of

product passes through each linear segment of said

aperture,

A method as in Claim 10, further comprising the
step of allowing said evenly distributed fluent
product to fall a predetermined distance under the

influence of gravitational force.

A method as in Claim 11, further comprising the
step of limiting the final velocity achieved by
said fluent product to prevent said thin,

continuous, isolated fluid body from becoming
discontinuous.

A method as in Claim 12, further comprising the
step of diverting said falling fluent product into
a collecting zone without permitting said thin,

continuous, isolated fluid body to become

discontinuous.

A dispensing head for forming a fluent product into
a thin, continuous, isolated film comprising: an
elongated structure forming a chamber for receiving
a quantity of said fluent material, said elongated
structure having a discharge aperture formed
thefein, supply means coupled to said elongated
structure for supplying a quantity of said fluent
material to said chamber, énd distribution means
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positioned within said elongated structure for
distributing substantially equal quantities of said
fluent material to each linear segment of said
discharge aperture.

A dispensing head as in Claim 14, wherein said
distributing means comprises a structural member
having a non-uniform distribution of apertures
therethrough, said apertures distributed to form a
linearly varying net opening through said
structural member.

A dispensing head as in Claim 15, wherein said
distribution of apertures includes a series of

openings of progressively smaller size.

A dispensing head as in Claim 15, wherein said
distribution of apertures includes a plurality of
openings of similar size spaced to provide a
progressively smaller density of openings through
said structural member.

A dispensing head as in Claim 15, wherein said
distributing means comprises a generally flat plate
dividing said chamber within said elongated

structure into two sub-chambers.

A dispensing head as in Claim 15, wherein said

"distributing means comprises a tubular member

disposed within said elongated structure and
extending along the axis thereof.

A dispending head as in Claim 14, wherein said
supply means is coupled to said elongatd structure
at only one point,
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A dispensing head as in Claim 14, wherein said
supply means is coupled to both ends of said
elongated structure for forming an end feed supply
apparatus.

A dispensing head as in Claim 14, further
comprising removable end cap means for enclosing

opposite ends of said elongated structure.

A dispensing head as in Claim 22, wherein said end
cap means comprises metal cap means for
interfitting with an end of said elongated
structure, sealing gasket means positioned within
said metal cap, and over-center snap action
fastening means coupled to said elongated structure

for securing said metal cap means in place.

An apparatus for treating a fluent material with a
heated gas having an initial flow velocity
comprising: a pressure vessel, dispensing means
mounted within said vessel for forming at least one
thin, isolated, continuous film of said fluent
material, baffle means mounted within said pressure
vessel for reducing said initial flow velocity of
sald heated gas and for distributing said gas
within said vessel to achieve rapid heating of said-
thin, isolated, continuous film of said fluent
material while subjecting said film to a minimum of
physical perturbation, fluid outlet means coupled
to said vessel for withdrawing treated fluent
material therefrom, and f£luid collecting means
within said pressure vessel for intercepting said
thin, isolated, continuous film and for supplying

said treated fluent material to said outlet means
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with a minimum of physical agitation.

An apparatus as in Claim 24 wherein said dispensing
means comprises an elongated structure forming a
chamber for receiving a quantity of said fluent
material, said elongated body having a discharge
aperture formed therein, and distribution means
positioned within said elongated structure for
distributing substantlally equal quantities of sald
fluent material to each linear segment of said
discharge aperture. '

An apparatus as in Claim 24, wherein said
dispensing means comprises supply pipe means for
carrying a flow of said fluent material, branch
pipe means coupled. to said supply pipe means for
dividing said f£low therein into a plurality of
components, and a plurality of film forming head
means coupled to said branch pipe means for forming
a plurality of thin, isolated, continuous films of
said fluent material. ' '

An apparatus as in-Claim 24, wherein said baffle
means comprises heated gas inlet means for
supplying said heated gas to said vessel, annular
guide means positioned at the inner periphery of

said pressure vessel for receiving said heated gas

from said inlet means and changing the flow
direction thereof, and baffle plate means engaging
said annular guide means for permitting said heated
gas to diffuse evenly and at a reduced velocity

into the area of said vessel occupied by said film.

An apparatus as in Claim 27, wherein said baffle

plate means comprises a generally disk—shaped
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element, the periphery of which engages said
annular guide means, said disk having rows of
apertures therethrough, said apertures spaced to
provide a progressively smaller density of openings
through said generally disk-shaped element toward
the center thereof, and said rows of apertures
oriented parallel to said thin, isolated,
continuous film of said fluent material whereby
said heated gas flows through said apertures to
form curtains of heated gas on opposite sides of

said film without physically disturbing said film.

An apparatus as in Claim 24, wherein said £fluid
collecting means comprises a conical lower section
of said pressure vessel, a layer of a non-metallic,
chemically inert material of low thermal
conductivity covering said conical lower section,
and means associated with said conical lower

section for preventing excessive heating thereof.

An apparatus as in Claim 24, wherein said fluid
collecting means comprises a conical element formed
of a non-metallic, chemically inert material of low
thermal conductivity supported within a lower

portion of said pressure vessel.

An apparatus as in Claim 29, further comprising

holding tube means coupled to said fluid outlet

means for maintaining said fluent material at a

selected temperature for a selected interval of
time,

An apparatus as in Claim 31, further comprising
balanced force control means coupled to said

holding tube means for maintaining a stable liquid
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level in said pressure vessel independent of

changes in system dynamics.

33. An apparatus as in Claim 31, further comprising
heated gas supply valve means for supplying said
heated gas under pressure to Said'pressure vessel,
pressure sensing means coupled to said pressure
vessel for sensing gas pressure therein,
temperature sensing means coupled to said holding
tube means for sensing fluent material temperature
therein, and control means coupled to said valve
means for controlling the supply of said heated gas
to said pressure vessel in response to cascaded

temperature and pressure measurements.

34, An apparatus as in Claim 31 wherein said control
means further comprises first controller méans
coupled to said temperaturé sensing means for
producing an output error signal in response to
mid-temperature sensing means generating an output
which deviates from a preset reference value, and
second controller means coupled to said pressure
sensing means and to said first controller means
for adjusting said heated gas supply valve in
response to a difference occuring'between the
output of said pressure sensing means and the
output of said first controller means.

35. An apparatus as in Claim 31 wherein said control
means further comprises first controller means
coupled to said pressure sensing means for
producing an output error signal in response to
sald pressure sensing means generating an output
which deviates from a preset reference value and,

second controller means coupled to said temperature
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sensing means and to said first controller means
for adjusting said heated gas supply valve in
response to a difference occuring between the
output of said temperature sensing means and the
output of said first controller means.

A method for maintaining a stable fluid level in a
pressurized £fluid processing system independent of
large changes in system dynamics, comprising the
steps of establishing a desired flow rate into said
system, pressurizing said system to a desired
level, and setting a flow rate out of said system

whereby a predetermined fluid level is maintained
in said system.

A method as in Claim 36, further comprising the

step of heating said system to a predetermined
temperature. '

A system for processing fluent materials
comprising: fluent material supply means for
delivering a flow of said fluent material,
preheating means coupled to said fluent material
supply means for providing initial heating to said
fluent material, high temperature sterilizer means
coupled to said preheating means for subjecting
said fluent material to a sterilization temperature
for a short interval of time, balanced force
control means coupled to said sterilizer means for
maintaining a stable fluid level therein
independent of changes in system dynamics, cascaded
pressure, temperature control

means coupled to said high temperature sterilizer
means for controlling the pressure and temperature

therein, and flash cooling chamber means coupled to
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said high temperature sterilizer means for cooling

said fluent material after sterilizatidh;

A system as in Claim 38 further comprising heated
gas supply valve medns for supplying a heated gas
under pressure to said high temperature sterilizer
means, pressure sensing means coupled to saidrhigh
temperature sterilizing means for sensing gas
pressure therein, temperature sensing means coupled
to said high temperature sterilizing means for
sensing fluent material temperaturé therein, and
wherein said cascaded pressure, temperature control
means is coupled to said valve means for
controlling the supply of said heated gas delivered
to said high temperature sterilizing méans, in
response to cascaded temperature and pressure
measurements.

A system as in Claim 39, wherein said cascaded
pressure, temperature control means comprises,
first controller means coupled to said temperature
sensing means for producing an output error signal
in response to said temperature sensing means
generating an output which deviates from a preset
reference valve, and second controlier.meansr
coupled to said pressure sensing means and to said
first controller means for édjusting said heated
gas supply valve in response to a difference
occurring between the output of said pressure
sensing means and the output of said first
controller means.

A system as in Claim 39, wherein said cascaded
pressure, temperature control means comprises first

controller means coupled to said pressure sensing
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means for producing an output error signal in
response to said pressure sensing means generating
an output which deviates from a preset reference
valve, and second controller means coupled to said
temperature sensing means and to said first
controller means for adjusting said heated gas
supply valve in response to a difference occuring
between the output of said temperature sensing

means and the output of said first controller
means.
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